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Preoperative endoscopic biliary drainage by metal versus
plastic stents for resectable perihilar cholangiocarcinoma
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Background and Aims: Adequate preoperative biliary drainage (PBD) is recommended in most patients with

resectable perihilar cholangiocarcinoma (pCCA). Most expert centers use endoscopic plastic stents rather than
self-expandable metal stents (SEMSs). In the palliative setting, however, use of SEMSs has shown longer patency
and superior survival. The aim of this retrospective study was to compare stent dysfunction of SEMSs versus plas-
tic stents for PBD in resectable pCCA patients.

Methods: In this multicenter international retrospective cohort study, patients with potentially resectable pCCAs
who underwent initial endoscopic PBD from 2010 to 2020 were included. Stent failure was a composite end point
of cholangitis or reintervention due to adverse events or insufficient PBD. Other adverse events, surgical out-
comes, and survival were recorded. Propensity score matching (PSM) was performed on several baseline
characteristics.

Results: A total of 474 patients had successful stent placement, of whom 61 received SEMSs and 413 plastic
stents. PSM (1:1) resulted in 2 groups of 59 patients each. Stent failure occurred significantly less in the SEMSs
group (31% vs 64%; P < .001). Besides less cholangitis after SEMSs placement (15% vs 31%; P Z .012), other
PBD-related adverse events did not differ. The number of patients undergoing surgical resection was not signif-
icantly different (46% vs 49%; P Z .71). Complete intraoperative SEMSs removal was successful and without
adverse events in all patients.

Conclusions: Stent failure was lower in patients with SEMSs as PBD compared with plastic stents in patients with
resectable pCCA. Removal during surgery was quite feasible. Surgical outcomes were similar. (Gastrointest Endosc
2024;99:566-76.)
(footnotes appear on last page of article)
Perihilar cholangiocarcinoma (pCCA) is the most com-
mon malignancy of the bile ducts and often results in
obstructive jaundice.1-3 Often, the only treatment option
with curative intent is extensive surgical resection. Obstruc-
tive jaundice and especially cholangitis are established risk
factors for adverse events after liver surgery.4-6 To improve
the future liver remnant (FLR) function and reduce the risk
of postoperative liver failure, preoperative biliary drainage
(PBD)withplastic stents (PS) placedby using ERCP is recom-
mended if significant cholestasis is present.6 However,
drainage of pCCA is complex and frequently results in stent
dysfunction characterized by episodes of recurrent jaundice
and cholangitis, which may delay the time to surgery and in-
crease the risk of postoperative infectious adverse events
and subsequent liver failure.7 Also PBD may be associated
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with higher postoperative morbidity compared with no
PBD (RR, 1.266; 95% CI, 1.039-1.543), owing to increased in-
fectious adverse events.8 However, in patients with high bi-
lirubin levels (>50 mmol/L), PBD seems necessary to
minimize postoperative adverse events.

In the palliative setting, self-expandable metal stents
(SEMSs) show superiority compared with PS regarding
stent patency, adverse event rate, and need for reinterven-
tions.9 However, owing to historic expertise and cost con-
straints, most expert centers use PS for initial endoscopic
PBD for resectable pCCA. Uncovered self-expandable
metal stents (ucSEMS) are being placed only after confir-
mation of cancer, which can be challenging in patients
with suspected pCCA. In addition, SEMSs may cause
more tissue reaction and tumor overgrowth, making stent
www.giejournal.org
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removal during surgery more difficult. For resectable ma-
lignant distal biliary obstruction, the ESGE guidelines of
2012 already recommend SEMSs placement.10

Only a few studies have been published on the use of
SEMSs for PBD in perihilar obstruction. Grunhagen et al.11

demonstrated that SEMSs were superior to PS in patients
with resectable pCCA, because of rapid and adequate biliary
decompression, fewer reinterventions, lower cholangitis
rate, and shortermedian time to laparotomy. That study con-
sisted of only 27 patients of whom 14 were treated with
SEMSs. Ten patients underwent surgical resection with un-
eventful stent removal. Other studies on SEMSs removal
for perihilar obstruction reported similar results.12-14 Limita-
tions of these studies were small number of patients, selec-
tion of patients only undergoing resection, lack of long-
term adverse events or follow-up, and no direct comparison
with patients who underwent PS placement as PBD.

Therefore, in this large multicenter international retro-
spective cohort study, we aimed to analyze stent failure
of SEMSs versus PS in patients with potentially resectable
pCCA needing PBD.
METHODS

Study design and study population
A multicenter international retrospective cohort study

was performed at 4 tertiary referral centers for hepatobiliary
diseases (Erasmus MC, Amsterdam UMC, Aintree University
Hospital, and Innsbruck Medical University). All patients
from January 2010 toDecember 2020with potentially resect-
able pCCAs as determined at the multidisciplinary team
meetings were eligible, regardless of whether they ulti-
mately underwent surgery. Patients who underwent initial
PBD with the use of ERCP, with or without successful stent
placement, were included from prospective pCCA data-
bases. The standard assessments for those patients included
computed tomography and magnetic resonance imaging.
Patients were excluded if initial PBD was done with a percu-
taneous approach, or if patients were deemed unresectable
or inoperable at presentation. This study was conducted ac-
cording to the guidelines in the Helsinki Declaration (MEC-
2020-0500) and the STROBE guidelines. Ethical and institu-
tional approvals were obtained at all participating centers.
ERCP procedure
Before ERCP, cross-sectional imaging (CT or MRCP) was

performed in all patients. All ERCP procedures were per-
formed with conscious sedation or general anesthesia/pro-
pofol administration. Prophylactic antibiotic therapy and
nonsteroidal antiinflammatory drugs were administered to
all patients according to local protocol. The procedures
were performed either in a regional center before referral
or in one of the 4 tertiary referral centers after informed con-
sent for the ERCP was obtained. Sphincterotomy was
www.giejournal.org
frequently performed when a stent was placed and in other
cases when deemed necessary by the endoscopist. If the
pancreatic duct was cannulated with either contrast or
wire, prophylactic pancreatic duct stenting was performed
by choice of the endoscopist. The goal of PBDwas to ensure
drainage of the FLR as well as to ensure appropriate resolu-
tion of jaundice. This was done to target at least 50%of viable
liver to be drained including the FLR. Decisions related to
single or multiple stents were based on these principles
and the patient’s biliary anatomy at the time of ERCP by
the endoscopist. Almost all stents were placed crossing the
papilla. Whenever a sector was opacified during the ERCP,
this was targeted for drainage to reduce infection risk. The
number, length and diameter of the stent was at the discre-
tion of the endoscopist. In the Aintree University Hospital,
uncovered SEMSswere used from 2010 onward for these pa-
tients, and criteria for ucSEMSplacementwere similar to that
for PS. Covered SEMSs placement criteriawere similar for PS.
A PS was placed at the same procedure as the SEMSs if the
biliary anatomy precluded appropriate placement of the
proximal end of the SEMSs, primarily because of blocking
of segmental branches. In patients with a high suspicion of
benign disease, PS were used. In the 3 centers other than
Aintree University Hospital, mostly PS were used for PBD.
Stents of different types, lengths, and diameter were used,
mostly PS from Cook or Boston varying from 5 to 10 F in
diameter and from 9 to 18 cm in length; or covered and un-
covered SEMSs from Cook or Boston, 8-10 mm in diameter
and 8-10 cm in length (all stent characteristics are presented
in Appendix 1, available online at www.giejournal.org).
Scheduled PS exchange was routinely performed at 3-
month intervals. Before stent placement, pathologic proof
in the form of cytologic brushes, intraductal biopsies, or
cholangioscopy-guided biopsies were routinely obtained.
Pathologic proof was not necessary before stent placement,
because that is not always possible or conclusive and surgery
is nonetheless indicated. If a second drainage procedurewas
indicated, both endoscopic and percutaneous approaches
were possible at the discretion of the treatment team.When-
ever a drainage procedure was performed elsewhere, we
were unable to ensure if that procedure was performed ac-
cording to the above guidelines.

Surgical procedure
After adequate biliary drainage, patients were considered

for portal vein embolization (PVE) if the anticipated FLR was
less than 40%. In all centers, neoadjuvant chemotherapy was
not offered to patients. Surgery was performed by teams of
experienced hepatobiliary surgeons. Restaging with cross-
sectional imaging was performed whenever cross-sectional
imagingwas 4-6weeks old. In theAintreeUniversityHospital
Liverpool, staging laparoscopy was routinely performed bef‑
ore laparotomy in all patients. If, during the explorative lap-
arotomy, peritoneal spread or unresectability were exclud‑
ed, resection was performed. Intraoperative frozen sections
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were examined routinely in all centers to rule out positive
surgical resection margins at the central bile duct.

Definition of events
The primary outcome was stent failure after initial tech-

nically successful stent placement. This was defined as (1)
cholangitis, defined as increased cholestasis, fever, and
leukocytosis >10 � 109/L with need for admission with
antibiotic treatment or reintervention, or (2) need for rein-
tervention because of (1) insufficient biliary drainage,
defined as the need to intervene to reduce bilirubin levels
to <2 mg/dL (<34 mmol/L), or (2) endoscopic adverse
events. Reinterventions were recorded until surgery, until
the decision that surgery was not possible, or until death.

The secondary outcomes were the endoscopic adverse
events as stated above, ability to undergo laparotomy,
time to laparotomy, postoperative adverse events (consist-
ing of infectious adverse events, bile leakage, benign hep-
aticojejunostomy stricture and posthepatectomy liver
failure), and survival. Endoscopic adverse events were
calculated per ERCP procedure and consisted of post-
ERCP bleeding defined as hemoglobin drop of >3 g/dL
requiring admission or reintervention, stent dislocation
and migration (both distal and proximal) requiring reinter-
vention, stent perforation of the duodenal wall, bile duct,
or liver parenchyma requiring reintervention, and post-
ERCP pancreatitis (PEP) according to the revised Atlanta
criteria.15 Time to subsequent laparotomy was defined as
the number of days from initial endoscopic intervention
until laparoscopy or explorative laparotomy. Outcomes
were defined according to the International Study Group
of Liver Surgery (ISGLS)16,17 and graded according to the
Clavien-Dindo classification.18 R1 resection was defined
as tumor cells within 1 mm of the resection margins at lon-
gitudinal and circumferential dissection planes. Survival
was defined as the days from initial PBD or radical resec-
tion, up until death or loss to follow-up.

Statistical analysis
Outcomes were summarized by frequency and percent-

age for categoric and dichotomous variables, means and
standard deviations for normally distributed continuous vari-
ables, and medians with interquartile ranges (IQRs) for
continuous variables when not normally distributed. For sta-
tistical inference for categoric variables, chi-square test or
Fisher exact testwere used. For continuous variables, the un-
paired t test or Mann-Whitney U test, depending on the dis-
tribution, was used. The Kaplan-Meier method was used to
analyze overall survival. Survival curves were compared
with the use of the log-rank test.

To adjust for confounders, propensity scores were esti-
mated by using logistic model with predictors, including
age, sex, diagnosis of primary sclerosing cholangitis (PSC),
Bismuth-Corlette (BC) classification, World Health Organi-
zation (WHO) performance status, and American Society
of Anesthesiologists (ASA) classification. Selection of predic-
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tors was based on the literature and expert opinions rather
than statistical inference. With the use of the R package
“matchit” and the propensity score matching (PSM) feature,
each patient with SEMSs placement was paired to a patient
with successful PS placement by means of the nearest-
neighbor matching method, without replacement of pa-
tients and without using caliper. Patients with both SEMSs
and PS placed at initial ERCP were included in the SEMSs
group, to resemble clinical practice. Patients with missing
data in one of the predictors were not included in the PSM
cohort. We verified that covariates were balanced across
the 2 groups by means of the statistical tests as stated above.
Statistical analyses were performed with R version 4.1.1.
Two-sided P values of <.05 were considered to be statisti-
cally significant.
RESULTS

Baseline characteristics of patients with
resectable pCCA

In total, 504 patients with a high suspicion of resectable
pCCA who underwent initial PBD with ERCP were included,
as shown in Figure 1. Stent placement was successful in 474
(94%), and these patients were included in our study cohort.
A SEMSs was placed at initial PBD in 61 patients (13%) and a
PS in 413 (87%). In 47 patients (77%) the SEMSs was uncov-
ered, and in 14 (23%) it was covered SEMSs. In 4 patients
(7%), a PS was placed in addition to the SEMSs. In 22/413 pa-
tients (5%), the PS was replaced by SEMSs at reintervention,
owing to inadequate drainage in 9 patients, cholangitis in 6,
occlusion of the PS in 5, and elective exchange in 2. The re-
sults for the total study cohort, as well as all stent character-
istics, are presented in Appendix 1 (available online at www.
giejournal.org).

Propensity score matching
Propensity score matching (PSM) resulted in 59 patients

each in the SEMSs and PS groups. Except for significantly
less PVE performed in the SEMSs group, all baseline char-
acteristics were similar between the groups. There was
slight imbalance in the SMDs for age (SMD, 0.112), WHO
performance status (SMD, 0.173), and BC type (SMD,
0.346). The baseline factors for the matched groups are
presented in Table 1. The results for the matched cohort
for initial stent type are presented below. The results for
the matched cohort for eventual stent type (ie, patients
with secondary SEMSs placement) are described in
Appendix 1 (available online at www.giejournal.org).
Reintervention rate and adverse events
In the matched cohort of 118 patients, stent failure

occurred significantly less in the SEMSs group (31% vs 64%;
P < .001), as did cholangitis (15% vs 36%; P Z 0) and re-
ERCP (14% vs 54%; P < .001). Percutaneous trans-hepatic
biliary drainage (PTBD) was not more often performed (9%
www.giejournal.org

http://www.giejournal.org
http://www.giejournal.org
http://www.giejournal.org
http://www.giejournal.org


Figure 1. Flowchart of patient inclusion. pCCA, Perihilar cholangiocarcinoma; PSM, propensity score matching; SEMSs, self-expandable metal stent.
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vs 7%; P Z 1), as presented in Table 2. The location of first
drainage was more often in a tertiary referral center for the
SEMSs group than for the PS group (88% vs 58%; P < .001).
Patients who underwent SEMSs placement underwent
fewer ERCP procedures than patients with PS (P < .001), as
presented in Table 2. These results were not significan-
tly different from the unmatched cohort (Supplementary
Table 2, available online at www.giejournal.org).

Adverse events per ERCP
A total of 171ERCPswithstentplacementswereperformed

in the 118 matched patients. There were 69 SEMSs place-
ments, of which 5 had PS placement during the same ERCP,
and 102 PS placements. The PEP rate and stent migration dif-
ference were no longer significantly different compared with
the unmatched results (Table 3; Supplementary Table 3, avail-
able online at www.giejournal.org).

Surgical procedures and outcomes
Of the 118 matched patients, 17 (14%) did not undergo

surgical exploration, which did not differ between SEMSs
and PS (19% vs 10%; P Z .19). PBD with SEMSs, compared
with PS, was not associated with a longer time to laparotomy
(68 vs 59 days; PZ .084). These results were not significantly
different from the unmatched cohort (Supplementary
Table 4, available online at www.giejournal.org).

Surgery. Surgical resection was performed in 27 (46%)
of the 59 patients undergoing surgical exploration with
SEMSs compared with 29 (49%) of the 59 with PS (P Z
.712) (Table 4). Overall, the type of resection did not differ
between the 2 groups, but therewas a tendency formore pa-
www.giejournal.org
tients receiving extrahepatic bile duct resection without
hepatectomy in favor of SEMSs (26% vs 17%) and extended
hemihepatectomy in favor of SEMSs (48% vs 38%). SEMSs
removal was easy and without adverse events in 26/27 pa-
tients (96%; 4 covered, 22 uncovered). In 1 patient, the
two 10-cm (diameter unknown) ucSEMS had to be removed
wire bywire, which took a longer timebutwas successful and
without adverse events.

There were no significant differences in R1 resections
(58% vs 59%; P Z .569), benign disease (4% vs 0%; P Z
.971), postoperative adverse events according to Clavien-
Dindo classification, or hepaticojejunostomy-associated
adverse events, as presented in Table 5. There was a signifi-
cant difference regarding postoperative liver failure accord-
ing to the ISGLS criteria (PZ .016) in favor of patients with
PS despite similar preoperative bilirubin levels. In the un-
matched cohort, this did not significantly differ between
groups (P Z .178).

Survival after stent placement and resection. Ka-
plan-Meier survival curves were constructed to analyze sur-
vival in the 2 stent groups based on initial stent placement
and based on radical resection, as shown in Figures 2 and
3. After matching, the median overall survivals after initial
stent placement were 15.9 months (95% CI, 11.2-26.0
months) in the SEMSs group and 14.2 months (95% CI,
8.7-29.1 months) in the PS group (log-rank P Z .81). Sur-
vivals after radical resection were 23.0 months (95% CI,
13.2-51.1 months) for patients with SEMSs and 36.0 months
(95% CI, 24.8-NA) for patients with PS (log-rank PZ .15). In
unmatched analysis, therewas significantly longer survival in
the PS group (P Z .044).
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TABLE 1. Baseline characteristics for the matched group

Matched

P valueSEMSs (n [ 59) PS n [ 59)

Age, y 68.08 (62.71-73.88) 68.78 (63.54-72.94) .718

Male sex 34 (57.6) 34 (57.6) 1

ECOG/WHO performance status .832

0 31 (52.5) 31 (52.5)

1 15 (25.4) 18 (30.5)

2 9 (15.3) 6 (10.2)

3 4 (6.8) 4 (6.8)

4

ASA classification 1

1 7 (11.9) 7 (11.9)

2 36 (61.0) 36 (61.0)

3 16 (27.1) 16 (27.1)

4 0 0

PSC 0 0 1

CA19.9 at baseline (U/ml)* 92.00 (29.00-330.00) 246.00 (72.00-819.00) .025

Total bilirubin at baseline (mmol/L)y 234.00 (142.00-320.00) 162.50 (93.25-276.00) .070

Cholangitis before drainage 5 (8.5) 4 (6.8) 1

Bismuth-Corlette classification .330

- 1 15 (25.4) 16 (27.1)

- 2 12 (20.3) 5 (8.5)

- 3A 10 (16.9) 12 (20.3)

- 3B 22 (37.3) 26 (44.1)

PVE 2 (3.4) 10 (16.9) .033

Values are median (interquartile range) or n (%).
ASA, American Society of Anesthesiologists; ECOG/WHO, Eastern Cooperative Oncology Group/World Health Organization; PS, plastic stent; PSC, primary sclerosing cholangitis;
PVE, portal vein embolization; SEMSs, self-expandable metal stent.
*Missing in 28 (23.7%).
yMissing in 15 (12.7%).
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DISCUSSION

This study compared endoscopic PBD with the use of
SEMSs or PS in a large cohort of patients with potentially
resectable pCCA. After PSM, patients receiving SEMSs
(with or without PS) had significantly less stent failure, chol-
angitis, and reintervention than patients receiving PS only.
After surgical resection, postoperative outcomes and sur-
vival were similar except for significantly more severe post-
operative liver failure in the SEMSs group.

We found significantly less stent failure in the SEMSs
group compared with the PS group in the unmatched as
well as the matched group. Data are scarce on this specific
topic and only Grunhagen et al.11 has previously described
outcomes of both groups: There were no stent failures in
the SEMSs group (n Z 10), but in the 17 patients with PS,
7 stent failures occurred (41%). That study, however, did
not include patients who did not undergo surgery owing
570 GASTROINTESTINAL ENDOSCOPY Volume 99, No. 4 : 2024
to progressive disease or mortality. There are no other
studies comparing SEMSs and PS in the preoperative setting
for patients with pCCA. In the palliative setting, however,
SEMSs have already proven their advantage.19-21 A system-
atic review showed a lower occlusion and reintervention
rate in the SEMSs group, but a similar 30-day mortality
rate.20 Another recent study found a significant lower risk
of cholangitis and 6-month mortality in patients with bilat-
eral SEMSs placement compared with multiple PS.19 SEMSs
have a wider lumen, which provides more rapid biliary
decompression with lower rates of occlusion and a longer
stent patency. This was also seen in our study, where signif-
icantly less cholangitis occurred after ERCP with SEMSs
placement compared with PS. Even after including the pa-
tients with secondary SEMSs after initial PS, as reported in
Appendix 1 (available online at www.giejournal.org), the re-
sults remained consistent. However, it is important to note
that the majority of the SEMSs were placed at a tertiary
www.giejournal.org
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TABLE 2. Primary outcome and other biliary drainage procedure outcomes

Matched

P valueMetal (n [ 59) PS (n [ 59)

Stent failure 18 (30.5) 38 (64.4) <.001

Cholangitis after stent 9 (15.3) 21 (35.6) .02

Another ERCP after initial stent 8 (13.6) 32 (54.2) <.001

PTBD after initial stent 5 (8.5) 4 (6.8) 1

First drainage at tertiary referral center 52 (88.1)* 34 (57.6) <.001

Sphincterotomyy <.001

Same ERCP 53 (94.6) 33 (67.3)

Previous ERCP 1 (1.8) 3 (6.1)

No 2 (3.6) 13 (26.5)

Total no. of ERCPs <.001

1 51 (86.4) 26 (44.1)

2 7 (11.9) 18 (30.5)

3 1 (1.7) 13 (22.0)

4 0 (0.0) 2 (3.4)

Values are n (%).
PTBD, percutaneous transhepatic biliary drainage.
*In the 7 patients with self-expandable metal stents (SEMSs) placed at a referral center, the stents were uncovered in 6 patients and covered in 1 patient.
yFor plastic stents, missing in 10/59 (16.9%); for SEMSs, missing in 3/59 (5.1%). Rates calculated without taking into account missing variables.
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referral center comparedwith only half of the PS. Also, not all
choices for SEMSs placement compared with PS placement
could be controlled for, such as potential blockage of side-
branches. As reported in Appendix 1 (available online at
www.giejournal.org), in the matched SEMSs group bilateral
drainage was performed more often then in the PS group,
potentially affecting this result. Suboptimal drainage with
PS placed at nonacademic hospitals with less experience in
these complex patients could be a reason for stent failure
and indication for re-ERCP. Interestingly, the rate of sphinc-
terotomy was higher in the SEMSs group than in the PS
group.

Adverse events were similar in both groups after match-
ing. In the unmatched cohort, significantly more PEP after
SEMSs placement compared with PS placement was found
(Table 3). A possible explanation for this might lie with
some patient characteristics, because after matching it was
no longer significantly different. In the matched cohort,
1 of the 2 patients with severe PEP did not receive a sphinc-
terotomy. The dissimilarity was similar for stent migration.
An important factor to note is that SEMSs placement does
not jeopardize the proximal ducts as much in patients
with BC type I and II pCCA, which characterized almost
one-half of the SEMSs group. In patients with BC type III
and IV pCCA, a combination of SEMSs and PS can be opted
for as well.

Adverse events from stents, such as occlusion and subse-
quent cholangitis, can potentially postpone or preclude sur-
gery. Grunhagen et al.11 found a shorter time to laparotomy
in patients with SEMSs compared with PS. In our unmatched
www.giejournal.org
and matched analysis, we were unable to validate these
findings. This was primarily due to the different treatment
strategies in the participating centers, because not all cen-
ters performed a separate staging laparoscopy before the
planned liver resection. A laparoscopy procedure can
potentially delay a resection procedure due to logistics
and adverse events, but only if performed in a separate
setting. PEP was not associated with a longer time to sur-
gery. We found a similar percentage of patients undergoing
any form of radical resection surgery, but after matching,
survival was not different. This may be partially explained
by the difference in treatment strategy regarding PVE,
which was used more often in the PS group, besides
more extended resections performed in the SEMSs group.
Overall, analysis per center in the unmatched cohort did
not show any significant differences regarding the rate of
patients undergoing radical resection or timing to initial
surgery (data not presented). The difference in postopera-
tive liver failure could be attributed to differences in vol-
ume of the FLR, owing to more extended resections in
the SEMSs group and less PVE, but unfortunately we did
not have data on specific FLR volumes. In patients with
up-front unilateral SEMSs who are eventually found to be
unresectable, although the ucSEMS have proven their effi-
cacy in the palliative setting, there could be some disadvan-
tages with the undrained liver segments. However, recent
research already show promising solutions in cases where
additional drainage is indicated, such as stent-in-stent
placement by means of ERCP and additional percutaneous
ucSEMS placement.22
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TABLE 3. Adverse events of ERCP procedures with a SEMSs or PS placement

Matched

P valueERCP with SEMSs placement (n [ 69) ERCP with PS placement (n [ 102)

During procedure

Displacement 0 0 1

Bleeding 1 (1.4) 1 (1.0) –

Perforation 0 0 1

Sedation related 0 0 1

After procedure

Post-ERCP pancreatitis 11 (15.9) 7 (6.9) .06

Mild 7 (63.6) 3 (42.9)

Moderate 2 (18.2) 4 (57.1)

Severe 2 (18.2)* 0

Stent migration 1 (1.4) 8 (7.8) .09

Slight distal 1 (100) 4 (50.0)

Complete distal 0 3 (37.5)

Proximal 0 1 (12.5)

Perforation after migration 0 0 1

Bleeding 1 (1.4) 2 (2.0) 1

Occlusion 7 (10.1) 18 (17.6) .17

Cholangitis 10 (14.5) 32 (31.4) .012

Death 2 (2.9) 1 (1.0) .57

Values are n (%). ERCP procedures without SEMSs or PS placement are excluded from this table, because it was possible for patients to undergo an unsuccessful ERCP or
reintervention without stent placement.
PS, plastic stent; SEMSs, self-expandable metal stent.
*In 1 of the 2 patients with severe post-ERCP pancreatitis, no sphincterotomy was performed.

TABLE 4. All patients who had at least 1 surgical procedure

Matched

P valueSEMSs (n [ 48) PS (n [ 53)

Time to surgery from first stent, d 52.00 (34.00-71.00) 47.00 (29.50-81.75) .870

Time to laparotomy from first stent, d 68.00 (54.00-92.00) 59.00 (43.25-84.00) .084

First surgical procedure .003

Radical resection 5 (10.4) 18 (34.0)

Staging laparoscopy 38 (79.2) 25 (47.2)

Explorative laparotomy 5 (10.4) 10 (18.9)

Explorative laparotomy 11 (22.9) 14 (26.4) .860

Staging laparoscopy 39 (81.2) 25 (47.2) <.001

Radical resection 27 (56.2) 29 (54.7) 1

Values are median (interquartile range) or n (%).
PS, Plastic stent; SEMSs, self-expandable metal stent.
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SEMSs removal was not an issue in this series. This finding
is in line with other, albeit very small, studies showing low
rates of difficult SEMSs removal.12-14 Two out of 15 patients
included in those studies had to undergo wire-by-wire
removal, which was successful and uneventful in both.13

Another factor up for debate is the method of PBD. The
recently published INTERCPT trial was the second ran-
572 GASTROINTESTINAL ENDOSCOPY Volume 99, No. 4 : 2024
domized controlled trial that compared endoscopic versus
percutaneous PBD in patients with resectable pCCA.23,24 Un-
fortunately, both trials were terminated early. Arguably, some
patients may be best served by up-front percutaneous biliary
drainage. PBD with ERCP is limited by the difficulty and
unpredictability on whether a stent is placed in the correct
segment, as well as that only segments in which contrast
www.giejournal.org
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TABLE 5. Outcomes of radical resections

Matched

P valueSEMSs (n [ 27) PS (n [ 29)

Staging laparoscopy before radical resection 22 (81.5) 11 (37.9) .002

Explorative laparotomy before radical resection 0 (0.0) 0 (0.0) –

Total bilirubin before surgery (mmol/L) 16.00 (9.50-25.50) 17.50 (14.00-33.50) .092

Resection type .550

Bile duct resection 7 (25.9) 5 (17.2)

Hilum 0 (0.0) 0 (0.0)

Left hemihepatectomy 4 (14.8) 6 (20.7)

Left extended hemihepatectomy 5 (18.5) 6 (20.7)

Liver transplantation 0 (0.0) 0 (0.0)

Right hemihepatectomy 3 (11.1) 7 (24.1)

Right extended hemihepatectomy 8 (29.6) 5 (17.2)

Additional pancreatoduodenectomy 0 (0.0) 1 (3.4) 1.000

Frozen section proximal Z positive 0 (0.0) 0 (0.0) –

Frozen section distal Z positive 0 (0.0) 4 (13.8) .138

Radicality .569

R0 11 (42.3) 10 (34.5)

R1 15 (57.7) 17 (58.6)

R2 0 (0.0) 1 (3.4)

Missing 0 (0.0) 1 (3.4)

Benign disease 1 (3.7)y 0 (0.0) .971

Clavien-Dindo classification .227

<3 16 (59.3) 15 (51.7)

3A 4 (14.8) 6 (20.7)

3B 2 (7.4) 2 (6.9)

4A 0 (0.0) 4 (13.8)

4B 0 (0.0) 0 (0.0)

5 5 (18.5) 2 (6.9)

Postoperative liver failure* .016

1 22 (81.5) 26 (89.7)

2 0 (0.0) 3 (10.3)

3 5 (18.5) 0 (0.0)

HJ leak 1 (3.7) 4 (13.8) .393

Benign HJ stricture 4 (14.8) 6 (20.7) .822

90-day mortality 6 (22.2) 2 (6.9) .209

Values are n (%) or median (interquartile range).
HJ, Hepaticojejunostomy; PS, plastic stent; SEMSs, self-expandable metal stent.
*According to the International Study Group of Liver Surgery criteria.
yIgG4-mediated disease. Patient received an fully covered SEMSs at initial endoscopic retrograde cholangiopancreatography.
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injectionwas successful can be drained. Even in the setting of
a randomized controlled trial with expert treatment centers,
the adverse event rates for endoscopic and percutaneous
PBDwere 67% and 75%, respectively. Owing to these adverse
events, overall survival of these patients is limited, and only
radical resection gives them a chance of longer overall sur-
vival. Therefore, there is a strong need to improve PBD
methods to reduce PBD-related adverse events and increase
www.giejournal.org
the number of patients undergoing radical resection. This
also stresses the need for adequate imaging before drainage
procedures and a multidisciplinary approach to optimize
the drainage strategy.

Theprimary strengths of this study are the large number of
patients included and the method of patient selection,
focusing on all potentially resectable pCCA patients, because
this gives us information about preoperative biliary adverse
Volume 99, No. 4 : 2024 GASTROINTESTINAL ENDOSCOPY 573
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Figure 2. Kaplan-Meier curve for survival after ERCP with successful initial stent placementdfor matched results. In the matched cohort, median survival
was 482 days (95% CI, 338-787 days) for the SEMSs group and 429 days (95% CI, 263-881 days) for the PS group. P value is according to the log-rank test.
SEMSs, Self-expandable metal stent.

Figure 3. Kaplan-Meier curve for survival after radical resectiondfor matched results. In the matched cohort, median survival was 695 days (95% CI, 400-
1545 days) for the SEMSs group and 1088 days (95% CI, 751-NA days) for the PS group. P value is according to the log-rank test. SEMSs, Self-expandable
metal stent.

Preoperative biliary drainage by metal vs plastic stents for resectable pCCA de Jong et al
events and disease progressions. Moreover, we used PSM to
adjust for themost important potential confounders, thereby
strengthening our findings. Also, by reporting both un-
matched and matched results, insight is given on the funda-
mental differences between these groups and how this may
influence the results in our sensitivity analysis in Appendix 1
(available online at www.giejournal.org). However, the
following limitations should be mentioned. First, the retro-
spective design has inherent biases, such as selection bias.
We included all potentially resectable pCCAs from prospec-
574 GASTROINTESTINAL ENDOSCOPY Volume 99, No. 4 : 2024
tively collected databases on pCCA that underwent an ERCP
as initial method to obtain PBD and performed matching to
make the 2 groups more comparable. Second, information
bias is an issue because certain variables had missing data,
such as ASA classification and WHO performance status;
this was not, however, different for the 2 treatment groups.
Matching was performed only with complete cases, thereby
reducing the included patients significantly. Moreover, it
was impossible to use specific data on stent or drainage char-
acteristics owing to the retrospective design, as well as
www.giejournal.org
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information about the appearance of the proximal bile duct
diameter, and antibiotic and nonsteroidal antiinflammatory
drug usage. Therefore, univariable andmultivariable analyses
to look at other potentially important confounding factors
was not possible. Third, the indication for SEMSs placement
in centers other than the Aintree University Hospital were
different. An SEMSs could already have been placed at the
referring center for unresectable pCCA but the pCCA turns
out to be resectable instead. Not all factors for stent type
choice could be controlled for, possibly resulting in a more
difficult to treat PS group. Finally, the fact that almost all
SEMSs patients came from 1 tertiary referral center can limit
the generalizability of this study’s findings.

PBD with SEMSs shows promising results in patients
without PSC and BC types I to III. Despite potential benefits
of this strategy, removable PS remain a very practical initial
stent choice. Some important considerations are (1) cytopa-
thologic diagnosis, which can be complicated by ucSEMS
placement, (2) indeterminate biliary strictures mimicking
pCCA, in which ucSEMS placement would be harmful, (3)
other factors such as duration of the obstruction and underly-
ing liver function that may impair stent function, (4) costs of
SEMSs, which are significantly higher than PS, and (5) SEMSs
availability at treatment centers. To study this and change cur-
rent practice, multicenter randomized controlled trials with a
clear treatment strategy and endpoints should be performed.
Patients with high suspicion of resectable pCCA should be
randomized to direct SEMSs or PS placement. Adequate
cross-sectional imaging should beperformed earlier, because
interpretation ofmagnetic resonance imaging and computed
tomography is hampered with stents in situ. More impor-
tantly, ucSEMS should be placed only when the pCCA diag-
nosis is very likely after consultation with an experienced
multidisciplinary team. Whenever the endoscopist is unsure
about the diagnosis, potential stent function, or life expec-
tancy, or whenever individual anatomy may not be suitable
for ucSEMS, PS should be placed instead. Obtaining cytopa-
thologic proof is important, but the decision to perform sur-
gery should bemade earlier in the light of limited accuracy of
the current available methods. PVE and laparoscopy should
be performed to improve the treatment pathway, increasing
the number of patients eligible for resection and sparing un-
resectable patients amore invasive laparotomy. An upcoming
pilot study on ucSEMS placement by ERCP as PBD (Interna-
tional Clinical trials Registry Platform: NL9600) should start
further exploration of this promising technique.
DISCLOSURE

The following authors disclosed financial relationships:
R. P. Voermans is a consultant for and received a grant for
investigator-initiated studies from Boston Scientific, and re-
ceives research support for investigator-initiated studies
from Zambon Medical and Prion Medical. M. J. Bruno serves
as a consultant for and receives support for industry- and
www.giejournal.org
investigator-initiated studies from Boston Scientific and
Cook Medical, and receives support for investigator-initiated
studies from Pentax Medical, 3M, Interscope, and Mylan. All
of the other authors disclosed no financial relationships.
REFERENCES

1. DeOliveira ML, Cunningham SC, Cameron JL, et al. Cholangiocarcino-
ma: thirty-one-year experience with 564 patients at a single institution.
Ann Surg 2007;245:755-62.

2. Mansour JC, Aloia TA, Crane CH, et al. Hilar cholangiocarcinoma: expert
consensus statement. HPB (Oxford) 2015;17:691-9.

3. Banales JM, Cardinale V, Carpino G, et al. Expert consensus document:
cholangiocarcinoma: current knowledge and future perspectives
consensus statement from the European Network for the Study of
Cholangiocarcinoma (ENS-CCA). Nat Rev Gastroenterol Hepatol
2016;13:261-80.

4. Dixon JM, Armstrong CP, Duffy SW, et al. Factors affecting morbidity
and mortality after surgery for obstructive jaundice: a review of 373
patients. Gut 1983;24:845-52.

5. Shigeta H, Nagino M, Kamiya J, et al. Bacteremia after hepatectomy: an
analysis of a single-center, 10-year experience with 407 patients. Lan-
genbecks Arch Surg 2002;387:117-24.

6. Nimura Y. Preoperative biliary drainage before resection for cholangio-
carcinoma. HPB (Oxford) 2008;10:130-3.

7. Wang Y, Fu W, Tang Z, et al. Effect of preoperative cholangitis on prog-
nosis of patients with hilar cholangiocarcinoma: a systematic review
and meta-analysis. Medicine (Baltimore) 2018;97:e12025.

8. Celotti A, Solaini L, Montori G, et al. Preoperative biliary drainage in hi-
lar cholangiocarcinoma: systematic review and meta-analysis. Eur J
Surg Oncol 2017;43:1628-35.

9. Raju RP, Jaganmohan SR, Ross WA, et al. Optimum palliation of inop-
erable hilar cholangiocarcinoma: comparative assessment of the effi-
cacy of plastic and self-expanding metal stents. Dig Dis Sci 2011;56:
1557-64.

10. Dumonceau JM, Tringali A, Papanikolaou IS, et al. Endoscopic biliary
stenting: indications, choice of stents, and results: European Society
of Gastrointestinal Endoscopy (ESGE) Clinical guidelinedupdated
October 2017. Endoscopy 2018;50:910-30.

11. Grunhagen DJ, Dunne DF, Sturgess RP, et al. Metal stents: a bridge to
surgery in hilar cholangiocarcinoma. HPB (Oxford) 2013;15:372-8.

12. Vibert E, Farges O, Regimbeau JM, et al. Benign hilar biliary strictures
stented with metallic stents can be resected by using an oncologic
approach. Surgery 2005;137:506-10.

13. Lytras D, Olde Damink SW, Amin Z, et al. Radical surgery in the presence
of biliary metallic stents: revising the palliative scenario. J Gastrointest
Surg 2011;15:489-95.

14. Fukami Y, Ebata T, Yokoyama Y, et al. Salvage hepatectomy for perihi-
lar malignancy treated initially with biliary self-expanding metallic
stents. Surgery 2013;153:627-33.

15. Banks PA, Bollen TL, Dervenis C, et al. Classification of acute pancrea-
titisd2012: revision of the Atlanta classification and definitions by in-
ternational consensus. Gut 2013;62:102-11.

16. Rahbari NN, Garden OJ, Padbury R, et al. Posthepatectomy liver failure:
a definition and grading by the International Study Group of Liver Sur-
gery (ISGLS). Surgery 2011;149:713-24.

17. Koch M, Garden OJ, Padbury R, et al. Bile leakage after hepatobiliary
and pancreatic surgery: a definition and grading of severity by the In-
ternational Study Group of Liver Surgery. Surgery 2011;149:680-8.

18. Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo classifi-
cation of surgical complications: five-year experience. Ann Surg
2009;250:187-96.

19. Kim JY, Lee SG, Kang D, et al. The comparison of endoscopic biliary
drainage in malignant hilar obstruction by cholangiocarcinoma: bilat-
eral metal stents versus multiple plastic stents. Gut Liver 2021;15:922-9.
Volume 99, No. 4 : 2024 GASTROINTESTINAL ENDOSCOPY 575

http://refhub.elsevier.com/S0016-5107(23)02995-4/sref1
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref1
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref1
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref2
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref2
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref3
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref3
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref3
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref3
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref3
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref4
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref4
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref4
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref5
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref5
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref5
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref6
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref6
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref7
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref7
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref7
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref8
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref8
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref8
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref9
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref9
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref9
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref9
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref10
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref10
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref10
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref10
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref11
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref11
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref12
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref12
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref12
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref13
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref13
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref13
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref14
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref14
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref14
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref15
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref15
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref15
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref16
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref16
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref16
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref17
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref17
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref17
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref18
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref18
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref18
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref19
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref19
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref19
http://www.giejournal.org


Preoperative biliary drainage by metal vs plastic stents for resectable pCCA de Jong et al
20. Sawas T, Al Halabi S, Parsi MA, et al. Self-expandable metal stents
versus plastic stents for malignant biliary obstruction: a meta-analysis.
Gastrointest Endosc 2015;82:256-67.e257.

21. Mukai T, Yasuda I, Nakashima M, et al. Metallic stents are more effica-
cious than plastic stents in unresectable malignant hilar biliary stric-
tures: a randomized controlled trial. J Hepatobiliary Pancreat Sci
2013;20:214-22.

22. Naitoh I, Inoue T. Optimal endoscopic drainage strategy for unre-
sectable malignant hilar biliary obstruction. Clin Endosc 2023;56:
135-42.

23. Coelen RJS, Roos E, Wiggers JK, et al. Endoscopic versus percutaneous
biliary drainage in patients with resectable perihilar cholangiocarcino-
ma: a multicentre, randomised controlled trial. Lancet Gastroenterol
Hepatol 2018;3:681-90.

24. Elmunzer BJ, Smith ZL, Tarnasky P, et al. An unsuccessful randomized
trial of percutaneous vs endoscopic drainage of suspected malignant
hilar obstruction. Clin Gastroenterol Hepatol 2021;19:1282-4.

Abbreviations: BC, Bismuth-Corlette; FLR, future liver remnant; PBD,
preoperative biliary drainage; pCCA, perihilar cholangiocarcinoma;
PEP, post-ERCP pancreatitis; PS, plastic stent; PSC, primary sclerosing
cholangitis; PSM, propensity score matching; PVE, portal vein emboliza-
tion; SEMSs, self-expandable metal stent; ucSEMS, uncovered self-
expandable metal stents.

This work was presented as an oral presentation at European Society of
Gastrointestinal Endoscopy Days 2022, as a moderated abstract at
United European Gastroenterology Week 2022, and as an abstract at the
Association of Upper GI Surgery Annual Scientific Meeting 2022.
576 GASTROINTESTINAL ENDOSCOPY Volume 99, No. 4 : 2024
*Drs Gilbert and Nooijen contributed equally to this article.

Copyright ª 2024 by the American Society for Gastrointestinal Endoscopy.
Published by Elsevier, Inc. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
0016-5107
https://doi.org/10.1016/j.gie.2023.10.041

Received March 30, 2023. Accepted October 17, 2023.

Current affiliations: Department of Gastroenterology and Hepatology,
Erasmus MC University Medical Center, Rotterdam, the Netherlands (1),
Department of Surgery, Aintree University Hospitals NHS Foundation Trust,
Liverpool, United Kingdom (2), Department of Surgery, Amsterdam UMC,
Location Vrije Universiteit Amsterdam, Amsterdam, the Netherlands (3),
Cancer Treatment and Quality of Life, Cancer Center Amsterdam, Amster‑
dam, the Netherlands (4), Department of Visceral, Transplant, and Thoracic
Surgery, Center of Operative Medicine, Innsbruck Medical University,
Innsbruck, Austria (5), Department of General, Visceral, and Vascular Surg‑
ery, Salzkammergutklinikum, Vöcklabruck, Austria (6), Digestive Diseases
Unit, Aintree University Hospitals, NHS Foundation Trust, Liverpool, United
Kingdom (7), Department of Gastroenterology and Hepatology, Amsterdam
UMC, Amsterdam Gastroenterology Endocrinology Metabolism, Medical
University, University of Amsterdam, Amsterdam, the Netherlands (8),
Department of Gastroenterology and Hepatology, Amsterdam UMC, Cancer
Center Amsterdam, Medical University, University of Amsterdam, Amster‑
dam, the Netherlands (9), Department of Surgery, Erasmus MC Cancer
Institute, Rotterdam, the Netherlands (10).

Reprint requests: Lydi M.J.W. van Driel, MD, PhD, Department of
Gastroenterology and Hepatology, Erasmus MC University Medical Center,
Dr Molewaterplein 40, Rotterdam 3000CA, the Netherlands.
www.giejournal.org

http://refhub.elsevier.com/S0016-5107(23)02995-4/sref20
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref20
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref20
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref21
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref21
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref21
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref21
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref22
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref22
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref22
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref23
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref23
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref23
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref23
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref24
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref24
http://refhub.elsevier.com/S0016-5107(23)02995-4/sref24
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.gie.2023.10.041
http://www.giejournal.org


. Continued

ucSEMS fcSEMS PS

Diameter, mm (SEMSs) or F (PS)

4 – – 1 (0.1)

5 – – 3 (0.3)

6 – 2 (7.7) –

7 – – 200 (20.9)

8 30 (33) 6 (23.1) 2 (0.2)

8.5 2 (2.2) – 8 (0.8)

9 – – 2 (0.2)

10 47 (51.6) 15 (57.7) 628 (65.5)

12 – – 1 (0.1)

de Jong et al Preoperative biliary drainage by metal vs plastic stents for resectable pCCA
APPENDIX 1

Abbreviations: ASA,AmericanSocietyof Anesthesiologists;
BC, Bismuth-Corlette; ECOG, Eastern Cooperative Oncology
Group; ERCP, endoscopic retrograde cholangiopancreatog-
raphy; fcSEMS, fully covered SEMSs; PBD, preoperative
biliary drainage; pCCA, perihilar cholangiocarcinoma; PS,
plastic stent; PSC, primary sclerosing cholangitis; PTBD,
percutaneous transhepatic biliary drainage; PVE, portal vein
embolization; SEMSs, self-expandablemetal stent; SMD, stan-
dardizedmeandifference; ucSEMS, uncovered SEMSs;WHO,
World Health Organization

Stents placed per center
SEMSs PS

Liverpool 53 65

Amsterdam 6 179

Rotterdam 2 137

Innsbruck 0 32

Total 61 413

Fourteen (30%) of the SEMSs were coated/covered, and the remaining 47 were
uncovered. With 4 (7%) or the 61 SEMSs, in addition to the SEMSs, a plastic stent was
placed at initial ERCP. All of those 4 patients were included in the matched analysis.

14 – – 1 (0.1)

Missing 12 (13.3) 3 (11.5) 113 (11.8)

Crossing papilla

Yes 73 (80.2) 25 (96.2) 959 (100)

No 6 (6.6) 1 (3.8) –

Missing 12 (13.2) 0

Values are n (%). The number of stents placed differs from the total number of ERCPs
with that specific stent because multiple stents can be placed in one ERCP. In 16
placed stents, all characteristics were missing, including 1 stent described as “metal”
but unclear about what type of SEMSs.
Stent characteristics
ucSEMS fcSEMS PS

Total no. of stents placed 91 26 959

Length, cm

4 1 (1.1) 1 (3.8) –

5 – – 3 (0.3)

6 4 (4.4) 5 (19.2) 1 (0.1)

7 – – 16 (1.7)

8 31 (34.1) 10 (38.5) 4 (0.4)

9 – – 48 (5.0)

10 47 (51.6) 10 (38.5) 31 (3.2)

11 – – 17 (1.8)

12 – – 257 (26.8)

12.5 – – 1 (0.1)

13 – – 47 (4.9)

13.5 – – 1 (0.1)

14 1 (1.1) – 61 (6.4)

15 – – 265 (27.6)

16 – – 9 (0.9)

17 – – 17 (1.8)

18 – – 54 (5.6)

19 – – 20 (2.1)

20 – – 4 (0.4)

Missing 7 (7.7) – 103 (10.7)

www.giejournal.org Vo
Stent characteristics at initial ERCP in matched cohort
SEMSs (n [ 59) PS (n [ 59)

No. of stents placed at index ERCP

1 39 (66.1) 54 (91.5)

2 20* (33.9) 5 (8.5)

Bilateral drainage 16 (27.6y) 5 (8.5)

Values are n (%).
*In 4 patients, the second stent was PS.
yUnknown in 1 patient: rate calculated as 16 out of 58.
SENSITIVITY ANALYSIS I: COMPLETE COHORT

These supplementary results describe the results of the
baseline characteristics of the total study cohort with un-
matched data.

Baseline characteristics of patients with
resectable pCCA

Stent placement was successful in 474 (94%), and those
patients were included in our study cohort. An SEMSs was
placed at initial PBD in 61 patients (13%) and a PS in 413
(87%). The SEMSs was uncovered in 47 patients (77%)
and covered in 14 (23%). In 4 patients (7%) a PS was
placed in addition to the SEMSs. Supplementary Table 1
presents the patient and disease characteristics of the 2
groups with SEMSs or PS of the total unmatched cohort.
lume 99, No. 4 : 2024 GASTROINTESTINAL ENDOSCOPY 576.e1
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Reintervention rate and adverse events
In the unmatched cohort, stent failure occurred signifi-

cantly less in the SEMSs group (31% vs 66%; P < 0.001), as
did cholangitis (15% vs 33%; P < .001), re-ERCP (13% vs
53%; P < .001), and PTBD (10% vs 13%; PZ 0.61). Patients
who received initial SEMSs underwent significantly fewer
ERCP procedures than patients with plastic stents (P <
0.001). Results are presented in Supplementary Table 2.
Supplementary Figure 1 shows the survival after initial
ERCP.

Adverse events per ERCP
A total of 820 ERCPs with stent placements were per-

formed in 474 patients. There were 86 SEMSs placements,
of which 8 had plastic stent placement during the same
ERCP, and 734 plastic stent placements. Post-ERCP pancrea-
titis occurred significantly more often after SEMSs placement
(15% vs 8%; PZ .02). Stent migration occurred significantly
less after SEMSs placement compared with PS (2% vs 15%;
P Z .001). Cholangitis after SEMSs placement compared
with plastic stents was lower: 15% compared with 32% (PZ
.001). Results are presented in Supplementary Table 3.

Surgical procedures and outcomes
Of the 474 unmatched patients, 77 (16%) did not un-

dergo surgical exploration, which did not differ between
the 2 treatment groups (18% vs 16%; P Z .685). The re-
sults of all surgical procedures and outcomes are pre-
sented in Supplementary Tables 4 and 5.

Surgical resection was performed in 29 (48%) of the 61
patients undergoing surgical exploration with SEMSs and
in 209 (51%) of the 413 patients with plastic stents (P Z
.655). Overall, the type of resection did not differ between
the 2 groups. SEMSs removal was easy and without adverse
events in almost all patients. In the patient without easy
removal, SEMSs had to be removed wire-by-wire, which
took a longer time, although it was successful and without
adverse events.

There were no differences in R1 resections (57% vs 49%;
PZ 0.75), benign disease (3% vs 7%; PZ .601), postopera-
tive adverse events according to Clavien-Dindo classification
(P Z .209), or postoperative liver failure according to the
ISGLS criteria (P Z .178). Hepaticojejunostomy leakage
diagnosis and benign hepaticojejunostomy stricture forma-
tion were similar in the 2 groups (10% vs 19% [P Z .37]
and (14% vs 11% [P Z .896], respectively). Supplementary
Figure 2 shows the survival after radical resection for both
groups.
SENSITIVITY ANALYSIS II: EVENTUAL STENT
TYPE

These supplementary results describe the results of the
baseline characteristics of the total study cohort with un-
576.e2 GASTROINTESTINAL ENDOSCOPY Volume 99, No. 4 : 2024
matched data and subsequently of the matched groups
of eventual stent type (ie, patients with secondary SEMSs
placement).

Baseline characteristics of patients with pCCA
(eventual stent type)

A total of 413 patients (87%) received PS, but in 22 pa-
tients (5%) they were replaced by SEMSs at reintervention.
Those 22 patients had their PS replaced by SEMSs because
of inadequate drainage in 9 patients, cholangitis in 6, occlu-
sion of the PS in 5, and elective exchange in 2. Finally, a to-
tal of 83 patients (19%) with SEMSs and 391 (85%) with PS
were included. Baseline characteristics were similar in the
2 groups. Type of BC classification was different, however,
with BC type IV more common in the PS group. An impor-
tant difference was the use of PVE, which was performed
significantly less in patients with SEMSs (10% vs 21%;
P Z .025). In addition, SEMSs were used less often in pa-
tients with PSC (1% vs 7%; P Z .071).

Propensity score matching
To adjust for differences in baseline characteristics and

possible confounders, a 1:1 PSM was performed on even-
tual stent type. A total of 81 patients in the SEMSs group
were matched with 81 patients in the PS group. Following
matching, there were no significant differences in baseline
characteristics between the 2 groups, although there was
slight imbalance in the SMDs for age (SMD, 0.107), WHO
performance score (SMD, 0.103), ASA classification
(SMD, 0.153), and BC classification (SMD, 0.122).

Reintervention rate and adverse events
In thematched cohort, stent failure occurred significantly

less in the SEMSs group (28% vs 67%; P < .001), as did chol-
angitis (15% vs 36%; P Z .002), re-ERCP (11% vs 46%; P <
.001), and PTBD (11% vs 20%; P Z .13). The stent failure
was calculated from the SEMSs placement, not initial stent
placement. After matching, patients who underwent SEMSs
placement no longer underwent fewer ERCP procedures
than patients with PS (PZ .153).

Adverse events per ERCP
A total of 240 ERCPs with stent placements were per-

formed in the 162 matched patients. There were 84 SEMSs
placements, of which 8 had PS placement during the same
ERCP, and 156 PS placements. The post-ERCP pancreatitis
rate and stent migration difference were not significantly
different. Cholangitis after SEMSs placement compared
with PS was lower, 16% compared to 31% (P Z .009).

Surgical procedures and outcomes
Of the 162 matched patients, 23 (14%) did not undergo

surgical exploration, which did not differ between the 2
treatment groups (16% vs 12%; P Z .653).
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Surgical resection was performed in 39 (57%) of the 68
patients undergoing surgical exploration with SEMSs
versus 42 (59%) of the 71 patients with PS (P Z .965).
Overall, the type of resection did not differ between the
2 groups, but there were more patients receiving bile
duct resection with SEMSs (10% vs 26%) and left hemihe-
patectomy with PS (13% vs 24%). SEMSs removal was easy
and without adverse events in 38 (97%) out of the 39 pa-
tients. In the patient without easy removal, SEMSs had to
be removed wire-by-wire, which took a longer time,
although it was successful and without adverse events.
www.giejournal.org Vo
There were no differences in R1 resections (55% vs 48%;
PZ 0.646), benign disease (3% vs 0%; PZ .97), postopera-
tive adverse events according to Clavien-Dindo classification
(P Z .254), or postoperative liver failure according to the
ISGLS criteria (P Z .261). There were significantly fewer
hepaticojejunostomy leakage diagnoses in the SEMSs group
(5% vs 21%; P Z .049) and similar benign hepaticojejunos-
tomy stricture formation (8% vs 10%; PZ 1). Median overall
survivals were 23 months (95% CI, 13-51 months) in the
SEMSs group and 30 months (95% CI, 19-NA months) in
the PS group (log-rank P Z .59).
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Supplementary Figure 1. Kaplan-Meier curves for survival after ERCP with successful initial stent placement. Median survival in the unmatched cohort
was 498 days (95% CI, 356-796 days) for the SEMSs group and 538 days (95% CI, 494-677 days) for the PS group. 11 patients were excluded from survival
analysis because of unknown stent placement date or no clear follow-up date.

Supplementary Figure 2. Kaplan-Meier curves for survival after radical resection. Median survival after radical resection in the unmatched cohort was
695 days (95% CI, 453-1545 days) for the SEMSs group and 1023 days (95% CI, 899-1373 days) for the PS group.
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SUPPLEMENTARY TABLE 1. Baseline characteristics for the unmatched group

Unmatched

P valueSEMSs (n [ 61) PS (n [ 413)

Age, y1 68.08 (62.52-74.08) 67.11 (58.65-73.10) .111

Male sex 35 (57.4) 255 (61.7) .608

ECOG/WHO performance status2 .163

0 31 (50.8) 208 (51.9)

1 16 (26.2) 138 (34.4)

2 10 (16.4) 46 (11.5)

3 4 (6.6) 8 (2.0)

4 0 (0.0) 1 (0.2)

ASA classification3 .66

1 7 (11.7) 69 (17.2)

2 37 (61.7) 241 (60.2)

3 16 (26.7) 89 (22.2)

4 0 (0.0) 1 (0.2)

PSC 0 (0.0) 29 (7.0) .064

CA19.9 at baseline (U/ml)4 98.00 (30.75-325.50) 214.00 (62.25-884.25) .005

Total bilirubin at baseline (mmol/L)5 230.00 (134.00-314.00) 165.11 (88.00-282.75) .029

Cholangitis before drainage6 5 (8.2) 47 (11.5) .589

Bismuth-Corlette classification7 <.001

1 15 (25.0) 43 (10.5)

2 12 (20.0) 63 (15.4)

3A 11 (18.3) 140 (34.3)

3B 22 (36.7) 68 (16.7)

4 0 (0.0) 94 (23.0)

PVE 4 (6.6) 86 (20.8) .013

Values are median (interquartile range) or n (%).
1Missing in 1 (0.2%).
2Missing in 12 (2.5%).
3Missing in 14 (3%).
4Missing in 124 (26.2%).
5Missing in 67 (14.1%).
6Missing in 3 (0.6%).
7Missing in 6 (1.3%).
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SUPPLEMENTARY TABLE 2. Primary outcome and other biliary drainage procedure outcomes

Unmatched

P valueSEMSs (n [ 61) PS (n [ 413)

Stent failure 19 (31.1) 274 (66.3) <.001

Cholangitis after stent 9 (14.8) 138 (33.4) <.001

Another ERCP after initial stent 8 (13.1) 217 (52.5) <.001

PTBD after initial stent 6 (9.8) 54 (13.1) .614

First drainage at tertiary referral center 52 (85.2) 227 (55.0) <.001

Sphincterotomy* .016

Same ERCP 54 (93.1) 248 (73.5)

Previous ERCP 2 (3.4) 35 (10.8)

No 2 (3.4) 41 (12.7)

Total no. of ERCPs <0001

1 52 (85.2%) 178 (43.1%)

2 7 (11.5%) 128 (31.0%)

3 2 (3.3%) 66 (16%)

4 – 29 (7.0%)

5 – 6 (1.5%)

6 – 1 (0.2%)

7 – 2 (0.5%)

8 – 2 (0.5%)

9 – 1 (0.2%)

Values are n (%).
*For SEMSs, missing in 3/61 (4.9%); for PS, missing in 89/413 (21.5%). Rates calculated for nonmissing: out of 58 for SEMSs and out of 324 for PS.
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SUPPLEMENTARY TABLE 3. Adverse events of ERCP procedures with SEMSs or PS placement

Unmatched

P valueERCP with SEMSs placement (n [ 86) ERCP with PS placement (n [ 734)

During procedure

Displacement 0 6 (0.8) 1

Bleeding 1 (1.2) 9 (1.2) 1

Perforation 0 5 (0.7) 1

Sedation related 0 2 (0.3) 1

After procedure

Post-ERCP pancreatitis 13 (15.1) 56 (7.6) .02

Mild 9 (69.2) 41 (67.9)

Moderate 2 (15.4) 13 (23.2)

Severe 2 (15.4) 2 (3.6)

Stent migration 2 (2.3) 109 (14.9)* .001

Slight distal 1 (50.0) 53 (48.6)

Complete distal 1 (50.0) 34 (31.2)

Proximal 0 15 (13.8)

Perforation after migration 0 4 (3.7)y 1

Bleeding 1 (1.2) 8 (1.1) 1

Occlusion 8 (9.3) 79 (10.8) .17

Cholangitis 13 (15.1) 235 (32.0) .001

Death 2 (2.3) 7 (1.0) .24

Values are n (%). ERCP procedures without SEMSs or PS placement are excluded from this table, because it was possible for patients to undergo an unsuccessful ERCP or
reintervention without stent placement.
*In 1 patient, complete distal together with proximal stent migration; in 6 patients, migration direction was unclear.
yIn 1 patient, perforation of the liver parenchyma occurred after proximal migration; in 3 patients, perforation of the opposing duodenal wall occurred after distal migration.

SUPPLEMENTARY TABLE 4. All patients who had at least 1 surgical procedure

Unmatched

P valueSEMSs (n [ 50) PS (n [ 357)

Time to surgery from first stent, d 50.00 (33.00-70.00) 56.00 (37.00-81.00) .191

Time to laparotomy from first stent, d 68.00 (54.00-98.50) 66.00 (46.00-98.00) .276

First surgical procedure <.001

Radical resection 5 (10.0) 124 (34.7)

Staging laparoscopy 40 (80.0) 143 (40.1)

Explorative laparotomy 5 (10.0) 90 (25.2)

Explorative laparotomy 11 (22.0) 116 (32.5) .181

Staging laparoscopy 41 (82.0) 145 (40.6) <.001

Radical resection 29 (58.0) 209 (58.5) 1

Values are n (%).
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SUPPLEMENTARY TABLE 5. Outcomes of radical resections

Unmatched

P valueSEMSs (n [ 29) PS (n [ 209)

Staging laparoscopy before radical resection 24 (82.8) 78 (37.3) <.001

Explorative laparotomy before radical resection 0 (0.0) 7 (3.3) .679

Total bilirubin before surgery (mmol/L) 14.50 (9.75-24.75) 16.00 (10.00-32.00) .275

Resection type .51

Bile duct resection 7 (24.1) 33 (15.8)

Hilum 0 (0.0) 5 (2.4)

Left hemihepatectomy 4 (13.8) 40 (19.1)

Left extended hemihepatectomy 5 (17.2) 21 (10.0)

Liver transplantation 0 (0.0) 7 (3.3)

Right hemihepatectomy 4 (13.8) 46 (22.0)

Right extended hemihepatectomy 9 (31.0) 57 (27.3)

Additional pancreatoduodenectomy 0 (0.0) 11 (5.3) .369

Frozen section proximal Z positive 0 (0.0) 10 (4.8) .478

Frozen section distal Z positive 0 (0.0) 15 (7.2) .279

Radicality .75

- R0 11 (39.3) 96 (48.7)

- R1 16 (57.1) 96 (48.7)

- R2 0 (0.0) 1 (0.5)

- Missing 1 (3.6) 4 (2.0)

Benign disease 1 (3.4) 15 (7.2) .601

Clavien-Dindo classification .209

<3 16 (55.2) 94 (45.0)

3A 5 (17.2) 58 (27.8)

3B 2 (6.9) 18 (8.6)

4A 0 (0.0) 18 (8.6)

4B 1 (3.4) 2 (1.0)

5 5 (17.2) 19 (9.1)

Postoperative liver failure* .178

1 0 (0.0) 9 (4.3)

2 0 (0.0) 4 (1.9)

3 5 (17.2) 15 (7.2)

HJ leak 3 (10.3) 40 (19.1) .37

Benign HJ stricture 4 (13.8) 23 (11.0) .896

90 day mortality 6 (20.7) 22 (10.5) .199

Values are n (%) or median (interquartile range).
*According to the International Study Group of Liver Surgery criteria.
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